INTRODUCTION
============

Postural control is the inherent capacity to maintain the center of mass within the base of support, which defines the stability limits. These limits are the edges of the operational areas through which the center of mass can be displaced without the need to move the base of support ([@b1-cln_68p1293]). The center of pressure (COP) is the point of application of the vertical resultant force (in this case, from the human body, when standing on both feet) acting on the base of support ([@b2-cln_68p1293]). According to Lynn et al. ([@b3-cln_68p1293]), changes to the body caused by osteoporosis displace the COP such that it nears the stability limits, thereby leading to loss of balance and falls. The parameter most used in evaluating postural balance, which is performed using a force platform, is the COP ([@b2-cln_68p1293]). COP sway is a risk factor for falls ([@b4-cln_68p1293]), and elderly people who fall have greater COP sway ([@b5-cln_68p1293]).

It is known that maintenance of postural control, consequent to achieving postural balance, depends on the quality of vision ([@b6-cln_68p1293]-[@b7-cln_68p1293]), which is responsible for 23% of balance maintenance ([@b8-cln_68p1293]).

Loss of muscle strength and power is a hallmark of the aging process ([@b9-cln_68p1293]) that is associated with poor functional abilities among older adults ([@b10-cln_68p1293]). Several tasks of daily living, including walking, stair climbing and rising from chairs, have been shown to be related to the ability to generate strength and power around the knee joint ([@b11-cln_68p1293]). In women, the decline of estrogen levels after menopause contributes to imbalance and loss of muscle strength ([@b12-cln_68p1293]). Compared to women without osteoporosis, postmenopausal women with osteoporosis are at greater risk of falling when they present diminished hand grip, trunk extension and lower-limb extension strength ([@b13-cln_68p1293]).

Maintenance of muscle strength and power as well as better postural balance among elderly individuals have been correlated with vitamin D supplementation ([@b14-cln_68p1293]). Furthermore, increased thoracic kyphosis is often related to osteoporosis ([@b15-cln_68p1293]) and age, thereby leading to anterior inclination of the trunk ([@b7-cln_68p1293],[@b16-cln_68p1293]), which is a factor that may increase the risk of falls and fractures in this population ([@b16-cln_68p1293],[@b17-cln_68p1293]).

With advancing age, the habit of going to the bathroom during the night increases. This is often performed without turning the lights on or without putting glasses on; thus, a large portion of the visual references that are essential for maintaining postural balance are lost. In these situations, the risk of falls is high, and among women with osteoporosis, such falls may have severe consequences. Thus, the present study was developed to assess the anteroposterior displacement behavior of the COP with eyes closed and its relationship with knee muscle strength and reports of falls during the past year among postmenopausal women with and without osteoporosis. The secondary objective of this study was to correlate the degree of thoracic kyphosis and 25-OH vitamin D assays with anteroposterior COP displacement among those with osteoporosis.

METHODS
=======

Ethics
------

The study was performed at the Laboratory for the Study of Movement, Institute of Orthopedics and Traumatology, Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (HC-FMUSP). The study was approved by the Ethics Committee of the University of São Paulo (number 320/09). After the study was explained to the patients, they provided signed consent forms.

Sample size
-----------

The sample size calculation was based on a pilot study that included 15 postmenopausal women and considered the variable of anteroposterior COP displacement with eyes closed. To compare two means, the conditions specified were a test power of 80%, a significance of 5%, a standard deviation of 0.18 and the possibility of detecting a difference of 0.09. To meet these conditions, at least 63 subjects were required in each group (control and osteoporosis).

Experimental design and subjects
--------------------------------

This was a cross-sectional observational study, without intervention, in which 126 postmenopausal women aged 55 to 65 years were included. The patients originated from two disease groups and were treated at Hospital das Clínicas da Faculdade de Medicina da Universidades de São Paulo ([Figure 1](#f1-cln_68p1293){ref-type="fig"}), and two new groups of 63 patients each were selected for the present study: a control group (CG), consisting of women with normal vertebral bone mineral density (BMD) (T-scores greater than −1 SD), and an osteoporosis group (OPG), consisting of women with osteoporotic BMD (T-score lower than −2.5 SD). These groups were defined in accordance with the World Health Organization criteria. BMD was measured using dual-energy X-ray absorptiometry. The subjects had a normal vestibular system and no proprioceptive, auditory or neurological conditions. Within the past six months, they had not been prescribed any antipsychotic medication, had no restrictions on vigorous physical activity, had not undergone any surgery and had not suffered any injury to their legs. Patients were excluded if they presented any blood pressure abnormalities or if they were unable to perform the test.

Measurements
------------

Initially, a questionnaire seeking personal and anthropometric data and the international physical activity questionnaire (IPAQ, short version) were administered. The subjects were also asked about any falls that they had experienced during the preceding 12 months. Falls were defined as unintentional events in which the individual ended up at a lower level than the initial position ([@b18-cln_68p1293]). Following this, the subjects underwent static balance assessment (posturography) on a portable force platform (AccuSway Plus; AMTI^®^, MA, USA). For data acquisition, the force platform was connected to a signal-amplifying interface box (PJB-101) that was attached to a computer by an RS-232 cable. The data were gathered and stored using Balance Clinic^®^ software configured for a frequency of 100 Hz with a fourth-order Butterworth filter and a cutoff frequency of 10 Hz. All the subjects underwent the test with standardized positioning in relation to the maximum width of the base of support and regarding their arm and head positions. Three 60-second measurements were performed with eyes closed. The arithmetic means from the three tests conducted under each condition were calculated, and the results were processed using Balance Clinic^®^ software. The parameter used to measure the subjects\' stability with eyes closed was the root mean square of the displacements from the center of pressure (COP) in the anteroposterior plane (YSD).

Evaluation of knee extension-flexion (concentric-concentric) isokinetics was performed in a Biodex Multi-Joint System 3 dynamometer (Biodex Medical^TM^, Shirley, NY, USA). The tests were first performed on the dominant leg. After a standardized warm-up, the subjects were positioned on the equipment in accordance with the manufacturer\'s instructions (seated with arms hanging against the body, hands holding the lateral handles and strap stabilization for the trunk, hip and tested thigh). Gravitational correction was performed at with the knee flexed to 40°. Isokinetic testing at 60°/sec (concentric/concentric) was used for data collection. The subjects performed three submaximal repetitions prior to data collection. Five maximal repetitions were performed twice, and a 60-second rest period was used between tests for all subjects. Subsequently, the same procedure was performed for the non-dominant leg. Consistent verbal commands were given during the tests, and all tests were conducted by the same examiner. Peak torque adjusted for body weight (PTQ/BW) was the variable assessed. To analyze the data, only the values from the second set of five maximal repetitions were used due to the effects of motor learning on clinical isokinetic performance ([@b19-cln_68p1293]).

The OPG underwent 25-OH vitamin D blood tests to measure the level of vitamin D and radiography on the thoracic spine in lateral view to measure the degree of thoracic kyphosis according to the regional Cobb angle (from the fourth to the ninth thoracic vertebra, i.e., T4-T9) and the overall Cobb angle (from the second to the twelfth thoracic vertebra, i.e., T2-T12) ([@b20-cln_68p1293]).

Statistical Analysis
--------------------

To investigate associations between the characterization variables of the groups, Student\'s t test was used for the quantitative variables, and the chi-square test or likelihood ratio test was used for the qualitative variables. The correlation between the variables of muscle strength and postural balance was evaluated using Spearman\'s correlation coefficient. From the correlated variables, a multiple linear regression model was then fitted with YSD as the response variable. The following explanatory variables were considered: group, fall, muscle strength and an interaction term between group and variable power to account for differences in the coefficient of the variable force between groups. In the OPG, the correlations between thoracic kyphosis and 25-OH vitamin D assays and the variables of muscle strength and postural balance were investigated using Spearman\'s correlation coefficient. Normal data distributions were verified by constructing graphs of normal probabilities. In the multiple linear regression analysis, the assumptions of normal distribution and equality of error variance were assessed using residual analysis. The software programs used in the data analysis were Minitab^®^ (version 15) and SPSS^®^ (version 18). In the hypothesis tests, the significance level was set at 0.05.

RESULTS
=======

[Table 1](#t1-cln_68p1293){ref-type="table"} shows the mean values and standard deviations of the baseline characteristics in the control (n = 63) and osteoporosis groups (n = 63). The hypothesis of equality between the control and osteoporosis groups was tested, and the results are provided.

In the OPG, the mean 25-OH vitamin D level was 26.7±9.5, the regional degree of kyphosis was 33.4±8, and the overall mean Cobb angle was 45.4±10.1. Spearman\'s correlation was used to evaluate the correlation between muscle strength and postural balance variables. The coefficients were calculated according to group (CG and OPG). The coefficients (r) and the *p*-values determined from the significance tests are presented in [Table 2](#t2-cln_68p1293){ref-type="table"}.

Multiple linear regression models were fitted to examine the associations between the balance variable and group, falls and muscle strength using the anteroposterior COP displacement (YSD response) as the variable. The explanatory variables were group, falls, one muscle strength variable and one interaction term between the group and the strength variable, which allowed the coefficient of the strength variable to differ between groups. This variable was chosen based on the results presented in [Table 2](#t2-cln_68p1293){ref-type="table"} (the variable chosen had to be correlated with the response). Residual analysis was used to evaluate assumptions of normal distribution and equality of variance.

YSD response variable:

1.  1.  -   The difference between the YSD means in the two groups depended on PTQ/BW (there was an interaction between YSD and PTQ/BW) (*p* = 0.015). When comparing the YSD means in the two groups at the midpoint of PTQ/BW, there was a significant difference between the means in the two groups (*p* = 0.036) such that the mean for the CG was higher than the mean for the OPG.

        -   Within the same fall category and the same PTQ/BW value, there was no significant difference in YSD between the two groups (*p* = 0.056).

        -   In the OPG, there was no association between YSD and PTQ/BW (*p* = 0.984); in the CG, there was an association between YSD and PTQ/BW (*p* = 0.001), and YSD decreased by 0.003 cm/s (standard error = 0.0008) with every one-unit increase in PTQ/BW.

[Table 3](#t3-cln_68p1293){ref-type="table"} presents the correlations of the degree of thoracic kyphosis and 25-OH vitamin D assays with the balance variable in the OPG.

DISCUSSION
==========

We were unable to find any previous studies evaluating anteroposterior COP displacement in relation to falls and isokinetic knee muscle strength in association with vitamin D assays and the degree of thoracic kyphosis among postmenopausal women.

The results from this study demonstrated that within this age group, the anteroposterior COP displacement was greater among women without osteoporosis. Isokinetic muscle strength was not associated with anteroposterior COP displacement. Thoracic kyphosis and 25-OH vitamin D at these levels did not correlate with anteroposterior COP displacement among the women with postmenopausal osteoporosis.

It is known that elderly women frequently present diminished lower-limb muscle strength, and this is believed to be a predisposing factor for falls ([@b21-cln_68p1293]). Posturography is considered to be the gold standard for assessing postural balance, and the variable of COP displacement presents the greatest amplitude along the anteroposterior plane ([@b22-cln_68p1293]). Lynn et al. ([@b3-cln_68p1293]) and Abreu et al. ([@b23-cln_68p1293]) reported that elderly women with osteoporosis had worse postural balance than women without osteoporosis, although Abreu et al. ([@b24-cln_68p1293]), Silva et al. ([@b25-cln_68p1293]) and Brech et al. ([@b26-cln_68p1293]) stated that osteoporosis did not worsen postural balance among elderly women. In the present study on postmenopausal women, there was no association between reports of falls and anteroposterior COP displacement in either group, although other studies found a relationship between reports of falls and side-to-side displacement ([@b7-cln_68p1293]). The fact that the present study evaluated women at the start of menopause may be one of the reasons why the reports of falls did not have a relationship with COP displacement. It is possible that the falls reported by these subjects were unrelated to loss of balance.

The anteroposterior COP displacement with eyes closed was greater in the control group; this finding differed from those of Abreu et al. ([@b23-cln_68p1293]) and Silva et al. ([@b25-cln_68p1293]), who reported that women with osteoporosis presented greater COP displacement in this plane and under this condition. We have previously reported that greater COP mediolateral displacement is related to the occurrence of falls in the preceding year in postmenopausal women ([@b5-cln_68p1293]). However, Abreu et al. ([@b24-cln_68p1293]) stated that one limit of their own study was the lack of a control for muscle strength, given that better muscle condition could increase COP sway ([@b27-cln_68p1293]). Thus, it is questionable whether greater COP displacement represents imbalance and a risk of falling or whether it might signify greater muscle control, with the capacity to maintain greater COP displacement within the same base of support by nearing the stability limits.

Vitamin D acts as a hormone by regulating calcium absorption in the intestine, and it is also extremely important for maintaining muscle strength ([@b28-cln_68p1293]), particularly quadriceps strength ([@b29-cln_68p1293]). According to Bischoff-Ferrari ([@b30-cln_68p1293]), vitamin D supplementation may decrease the risk of falling among elderly women with vitamin D deficiency by up to 49% ([@b31-cln_68p1293]). In the present study, there was no correlation between anteroposterior COP displacement and vitamin D levels, and we found no other studies that identified such correlations. We believe that in the present study, the vitamin D levels of the subjects were not low enough to influence the maintenance of postural balance.

Similar to the vitamin D levels, the degree of thoracic kyphosis was also not correlated with anteroposterior COP displacement. However, the subjects did not present very marked kyphosis, given the age group studied, which may have influenced the results. Thoracic kyphosis tends to increase with age ([@b17-cln_68p1293]), and this increase occurs more rapidly (within three years) for women with osteoporosis ([@b32-cln_68p1293]).

Study Limitations
-----------------

The limitations of the present study include the age group studied (55-65 years), considering that such individuals may not present notable abnormalities in anteroposterior COP displacement due to their relative youth. However, we chose to evaluate this population because we wanted to examine the behavior of these variables without the influence of musculoskeletal aging. We did not assess "fear of falling", which is an important variable given that individuals with greater fear of falling tend to maintain postures that are more rigid during balance evaluations. Falls among women with osteoporosis may be more closely related to dynamic balance, such as that exerted while walking and changing positions, and less related to static balance. Future studies should seek to assess the balance abilities of these women under more challenging conditions, such as eyes closed on unstable surfaces or eyes closed while performing verbal double tasking. In addition, future studies should seek to evaluate groups with different levels of vitamin D and greater angles of thoracic kyphosis to identify the real influence of these variables on postural balance.

Women with osteoporosis present a high rate of fractures related to falls, which may be very serious because of the clinical complications resulting from hospitalizations to treat the fractures. Large numbers of elderly women fall during the night when they are headed to the bathroom. It is known that preventive measures such as keeping a light on and the removal of loose rugs present on the way from the bed to the bathroom are important strategies for preventing falls. The present study has demonstrated that women do not present any predisposition to falls caused by changes in anteroposterior COP displacement at the start of the postmenopausal period, which represents a significant clinical contribution. In addition, the degree of thoracic kyphosis and the 25-OH vitamin D levels measured in the present study were not associated with and did not increase the risk of falls among postmenopausal women with osteoporosis.

Postmenopausal women, with or without lumbar osteoporosis, do not present abnormalities in anteroposterior COP displacement when they do not have a visible reference point. This result was independent of knee muscle strength or whether the women suffered falls during the preceding year. Among postmenopausal women with osteoporosis, the degree of kyphosis and the 25-OH vitamin D levels noted in these experiments did not influence anteroposterior COP displacement.
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###### 

Baseline characteristics of the groups.

                                         Osteoporosis Group   Control Group    
  -------------------------------------- -------------------- ---------------- -----------------------------------------------
  **Age (years)**                        60.6 (±3.1)          60.0 (±3.0)      
  **Caucasian**                          79%                  65%              
  **Bone densitometry**                                                        
  *Lumbar spine*                                                               
      BMD (g/cm^2^)                      0.73 (±0.1)          1.04 (±0.1)      [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
      SD                                 \- 3.01 (±0.5)       \- 0.10 (±0.7)   [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
  *Femoral neck*                                                               
      BMD (g/cm^2^)                      0.70 (±0.2)          0.90 (±0.1)      [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
      SD                                 \- 1.81 (±0.7)       \- 0.05 (±1.2)   [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
  *Total hip*                                                                  
      BMD (g/cm^2^)                      0.78 (±0.1)          0.98 (±0.1)      [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
      SD                                 \- 1.63 (±0.8)       0.01 (±1.0)      [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
      Dominance (right)                  97%                  95%              
  **Body weight (kg)**                   59.8 (±10.5)         69.2 (±10.5)     [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
  **Height (m)**                         1.52 (±0.1)          1.55 (±0.1)      [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
  **BMI (kg/m^2^)**                      25.8 (±4.2)          28.9 (±4.6)      [\*](#tfn2-cln_68p1293){ref-type="table-fn"})
  **Physical activity (IPAQ)**                                                 
  * Active*                              44%                  44%              
  * Irregular activity*                  56%                  56%              
  **Report of falls in the past year**                                         
  * Yes*                                 43%                  30%              
  * No*                                  57%                  70%              

Bone mineral density (BMD); standard deviation (SD); body mass index (BMI); International Physical Activity Questionnaire (IPAQ).

\**p*\<0.001.

###### 

Correlation between muscle strength and anteroposterior COP displacement variables.

                    Dominant   Non-dominant           
  ----- ----- ----- ---------- -------------- ------- -------
  CG    YSD   r     -0.16      **-0.37**      -0.11   -0.16
              *p*   0.225      **0.003**      0.394   0.208
  OPG   YSD   r     -0.11      -0.04          -0.21   -0.06
              *p*   0.409      0.757          0.105   0.625

COP: center of pressure; PTQ/BW: peak torque/body weight; CG: control group; OPG: osteoporosis group; YSD: root mean square of the displacements of the center of pressure in the anteroposterior plane

Data representing Pearson\'s correlation coefficient (r) with *p*\<0.01 are in bold.

###### 

Correlation of thoracic kyphosis and 25-OH vitamin D with anteroposterior COP displacement.

                          YSD
  ----------------- ----- -------
  25-OH vitamin D   r     -0.01
                    *p*   0.948
  T2-T12            r     0.01
                    *p*   0.951
  T4-T9             r     0.07
                    *p*   0.579

COP: center of pressure; T4-T9: regional Cobb angle from the fourth to the ninth thoracic vertebra; T2-T12: overall Cobb angle from the second to the twelfth thoracic vertebra; YSD: root mean square of the displacements of the center of pressure in the anteroposterior plane

Data represent Pearson\'s correlation coefficient (r).
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